Migraine is a relatively common disease that is associated with high disability and reduced quality-of-life. This study aimed to investigate the prevalence, epidemiological characteristics, and risk factors of migraine in Han Chinese from Fujian Province, China.
Introduction
Migraine and tension-type headache are among the most prevalent disorders of humans and migraine alone is responsible for 1.3% of all years of life lost to disability worldwide. [1] Consequently, the World Health Organization (WHO) considers migraine to be a high-priority public health concern. [2] Migraine affects a person's daily life, work, and ability to study in about 2-thirds of people with migraines, and about 50% are unable to work, study, or complete daily housework. [3, 4] The prevalence of migraine in China shows an increasing trend; in 2011 it was reported to be 4.32%, [5] which was higher than the 0.69% reported in 1985. [6] However, the reported prevalence of migraine in China is still lower than that reported in France (7.9%), [7] the United States (15.3%), [8] Sweden (13.2%), [9] and Spain (8.4%). [10] A cross-sectional study in China found that the frequency of primary headache was 50.1% in a general neurological outpatient population, of which 23.8% were considered to be migraine. [11] Data suggest that migraine is underrecognized and undertreated in China, highlighting the importance of adopting public health policies to address the disease. [5] The Chinese Fujian province contains multiple ethnic groups, including Han and She Chinese. Our prior cross-sectional study investigated the prevalence and risk factors of migraine in She Chinese residing in Fujian province, finding that being female and having a history of insomnia were significantly associated with migraine. [12] The She Chinese are an ethnic minority in Fujian province and have their own lifestyle, customs, and genetic traits distinct from Han Chinese and other Asian populations. [13] The Han Chinese represent about 97.8% of the population in Fujian province. Although a recent study investigated migraine susceptibility genes in Han Chinese of Fujian province, [14] little is known regarding the prevalence and epidemiology of migraine in the Han population in this province. Knowledge of prevalence data on migraine, risk factors, and comorbidities are considered crucial in helping to assess the public health burden of migraine. [15] Therefore, the aim of this epidemiological study was to characterize the prevalence, characteristics, and associated risk factors of migraine in the Han population in Fujian province, China.
Methods

Study design and ethical considerations
This study is a cross-sectional survey with multi-step stratification sampling based on gender and age and was conducted between June 2014 and June 2015 in the Han Chinese population of Fujian province. It follows the study design of our earlier epidemiological study of the She population in Fujian province, as described previously. [12] The study protocol was approved by the Ethics Committee of Ningde Municipal Hospital, Ningde City, Fujian, China. All included subjects provided signed informed consent.
The included subjects and their parents were confirmed to be Han Chinese and to be permanent residents based on the household registration of the local government. The sampling process was stratified according to the 5 geographic regions of Fujian province (north, south, east, west, and middle) from which a total of 30 villages or communities were randomly sampled. All subjects were Han Chinese with traditional lifestyle and diets.
Study subjects
Included subjects were Han Chinese ≥15 years of age who were permanent residents of Fujian province and had the ability to describe their symptoms. Subjects were excluded if they had been diagnosed with other diseases or disorders that could cause headache. Included subjects were registered by the leader or coordinator of the village and screened in the social activity center of the village. Administration of the questionnaire and the physical exam were also performed at the social activity center.
Study questionnaire and interview
The study questionnaire was designed according to the International Criteria for migraine developed by the Headache Classification Committee of the International Headache Society (see Supplemental Material for a sample of the questionnaire). [16] The first part of the questionnaire collected baseline information including name, gender, age, occupation, height, body weight, and education level. The second part of the questionnaire captured the clinical characteristics per the diagnostic criteria for migraine with aura and migraine without aura developed by the International Headache Classification Committee (third edition; ICHD-3). [16] This part of the questionnaire also collected family history, duration of symptoms, predisposing factors, and treatments. Symptoms sensed by the subjects and dysphasic speech were directly evaluated by the investigators during the face-toface interview and were not included in the questionnaire.
The survey was conducted via face-to-face structured interviews by trained investigators and not by subject self-report. Investigators were from the Department of Neurology from the Ningde Municipal Hospital. Before the study, investigators participating in the survey received 1-week training on communication skills, questioning skills, use of questionnaire, explanation of the questions, data analysis, and data storage.
Physical examination and diagnosis of headache
The height, body weight, and sitting blood pressure were measured for each subject on the first day of the study. Fasting blood was collected on the second day and stored at -20 o C until laboratory testing was performed. Glucose tolerance was assessed by having the subject drink glucose solution (75 g) and measuring blood glucose concentration 2 hours later. If the subjects had chronic diseases (such as diabetes and hypertension) or other diseases (common somatic and neurological diseases) the subject was reexamined with their previous medical records at the time of their physical examination to confirm any prior diagnosis.
For this study, hypertension was defined according to the 2017 Clinical Practice Guidelines of the Centers for Disease Prevention and Control (CDC), [17] as follows: systolic blood pressure greater than or equal to 140 mmHg (18.6 kPa) and/or diastolic blood pressure greater than or equal to 90 mmHg (12 kPa) in the absence of antihypertensive drugs. Insomnia was defined according to the following diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders (DSM), 5th edition, [18] as follows: Sleep disorder symptoms, including difficulty in falling asleep, easy or early awakening, dreaminess, difficulty in sleeping after waking, and feeling tired after waking, or sleepy during the day;
Sleep disorder symptoms occurring at least 3 times a week for more than 1 month;
Insomnia causing significant distress, or decreased efficiency of mental activity, or impedes social function; and Insomnia occurring independent of any known physical or mental disorder. [18] The diagnosis of migraine was made per the information collected in the interview and ICHD-3 criteria and diagnosed by ≥2 chief physicians according to the international diagnostic criteria for migraine developed by the Headache Classification Committee of International Headache Society. [16] 
Statistical analysis
The sample size was validated using the power calculation:
Continuous variables are reported as mean and standard deviation. For continuous variables, comparison between subjects with or without migraine was performed by independent t test. Categorical variables are presented as counts and percentages. For categorical variables, chi-square tests were used to compare the differences between subjects with and without migraine or migraine with and without aura. Univariate and multivariate logistic regression analyses were performed to investigate which factors were associated with headache. Factors significantly associated with headache in univariate analysis were included in the multivariate model. The parameters "Z", "P", "E" from the analytic equation N ¼ Z 2 Â ½P Â ð1 À PÞ=E 2 are defined as follows: N = sample size; Z = level of confidence according to the standard normal distribution (for 95% level of confidence, z = 1.96; for 99% level of confidence, z = 2.575); and P = estimated proportion of the population that presents the characteristic (when unknown we used P = .5); and E = tolerated margin of error (e.g., to reveal the real proportion within 5%). Statistical analyses were performed using the IBM SPSS statistical software version 22 for Windows (IBM Corp., Armonk, NY). Two-tailed P value of <.05 indicated statistical significance.
Results
Study population and ethical considerations
A total of 9134 subjects aged ≥15 years participated in the survey (Fig. 1) . Among subjects meeting the inclusion criteria, 1274 (13.95%) were later excluded because they refused to receive Lin et 
Medicine the physical examination or to provide signed informed consent. Thus, the remaining 7860 subjects were included in the study, including 3749 males (47.7%) and 4111 females (52.3%).
Subjects' demographic and clinical characteristics, migraine prevalence and features
Within the study population, 717 subjects (9.12%) had migraine ( Table 1 ). The prevalence of migraine was greater in females (12.6%) than in males (5.3%). A higher percentage of subjects with graduate or above education (19.1%) and between the ages of 40 to 49 years (11.0%) had migraine compared with other education groups ( 12.5%) or age groups ( 9.9%). Migraine was associated with a family history of migraine (79.6% with a family history vs 38.0% without), no history of smoking (10.2% vs 6.1% with smoking history), insomnia (15% vs 7% without insomnia), and history of drinking alcohol (10.8% vs 8.7% without drinking history). Within the overall population, similar percentages of patients with migraine had hypertension, diabetes, and a history of drinking alcohol. A similar percentage of males and females did not have migraine (50.3% vs 49.7%, respectively) ( Table 2 ). In patients with migraine, a greater percentage was female (72.4%) than male (27.6%) (P <.001). A higher percentage of subjects without or with migraine were 40 to 59 years of age (54.2% and 58.0%, respectively), and a greater percentage had a primary/secondary education (58.1% and 43.8%) (P <.001). In subjects without or with migraine, the majority had no family history of migraine (91.4% and 62.5%, respectively), had not smoked (73.5% and 83%), did not consume alcohol (79.8% and 75.5%), and did not have hypertension (73.9% and 74.7%), diabetes (88.9% and 87.7%), or insomnia (74.0% and 54.4%). Between the without migraine and migraine groups, a significantly greater percentage without migraine were male, had no history of migraine, did not drink alcohol, did not smoke, and did not have insomnia (P .010). The 2 groups differed in education levels and age distribution (P <.001). The incidence of hypertension and diabetes was similar between groups (P ≥.333).
The percentage of males and females with or without migraine with aura was similar (P =.207) ( Table 3) . A higher percentage of subjects with aura compared with those without aura had a family history of aura (67.5% vs 31.8%) (P <.001). The most common locations of migraine, regardless of aura, was the forehead (38.6% for with aura and 34.8% for without aura; P =.440) and temporal region (49.1% for with aura and 49.8% for without aura: P =.902). The most common method of com relieving the headache for subjects with and without aura is sleep (84.2% and 78.6%, respectively) and medication (98.3% and 97.4%; P =.574). In both subjects with and without migraine with aura, the most frequently used method for treating migraine was hospital treatment (51.8% and 53.4%; P =.462). The majority of subjects (51.8% for with aura and 48.6% for without aura; P =.772) lost ≥7 days of work per year due to migraine.
Univariate and multivariate analysis of factors associated with migraine
In univariate analyses, age group, gender, smoking, drinking alcohol, and insomnia were found to be significantly associated with migraine. Subjects aged 30 to39 and 40 to 49 years had significantly higher odds of migraine than those aged <30 years (30-39: odds ratio [OR] = 1.47, P =.02; 40-49: OR = 1.67, P =.001). The risk of migraine was significantly increased in females compared with males (OR = 2.59, P <.001), and was significantly lower in subjects who smoked compared with those that did not (OR = 0.57, P <.001). The chance of migraine was significantly increased in subjects with history of drinking alcohol and insomnia (drinking: OR = 1.27, P = .01; insomnia: OR = 2.39, P <.001).
Factors significantly associated with migraine in univariate analysis (i.e., age group, gender, smoking, drinking alcohol, and insomnia) were included in the multivariate analysis (Table 4) . After adjusting for other factors, the odds of migraine were significantly lower in subjects aged ≥50 years compared with those <30 years of age (OR ranged from 0.40 to 0.64; P .013) and were higher in females compared with males (OR = 2.89, P <.001). The odds of migraine was significantly greater in subjects with a history of drinking alcohol (OR = 1.81, P <.001) and insomnia (OR = 2.77, P <.001).
Discussion
In the present study, investigation of the prevalence, epidemiological characteristics, and risk factors of migraine in Han Chinese from Fujian province found that overall prevalence of migraine was 9.6% and a higher percentage of those with migraine were female (12.6%) than male (5.3%). Only 114 subjects (15.9%) were diagnosed as having migraine with aura, which was closely related to the family history of migraine. The odds of migraine were significantly lower in subjects aged ≥50 years compared with those <30 years of age and also was higher in females compared with males. The odds of migraine were also increased in subjects <50 years of age, in females, and in subjects with a history of drinking alcohol or having insomnia. The prevalence of migraine in the present study was higher than that observed in another survey study that assessed migraine in a neurology clinic of a tertiary care hospital in China, which found that prevalence was 4.3% (401/9282) among the subjects surveyed. [4] The percentages of females and males with migraine in the present study were also higher than those of the prior study (6.9% for males and 11.3% for females). Prevalence was also higher than that of a recent community-based, cross-sectional study that assessed migraine in the Songbei district of Harbin, China, which found that the prevalence of migraine was 8.9% and the frequency of migraine in males and females was 3.7% and 12.2%, respectively (P <.001). [15] Those authors also found that female sex, depression, coronary artery disease, chronic obstructive pulmonary disease, ischemic stroke, and hypertension were positively associated with migraine, while age and education level were negatively associated with migraine. [15] In contrast, the present study found no association between hypertension and the odds of having migraine. Interestingly, an Australian study reported that population studies of migraine reported prevalence rates from 2.6% to 21.7%, averaging about 12%; however, migraine prevalence reported by neurologists is significantly higher, ranging from 27.6% to 48.6%, which may suggest that non-neurologists tend to underestimate migraine. [19] Female gender was positively associated with migraine in the present study and the frequency of migraine was about 2 times higher in females than in males. This gender difference is comparable to results of a recent US study reporting the prevalence of migraine as 20.7% in females and 9.7% in males. [8] The prevalence of migraine worldwide is 14% in females, which is also about 2-fold higher than in males (6%). [20] Migraine is shown to be associated with the female reproductive cycle, including menarche, pregnancy, and menopause. Female reproductive hormones may regulate several mediators and receptor systems to affect the pathophysiology of migraine. [21] Results of the present study are consistent with prior data indicating that the frequency of migraine varies between different age groups. Around the world, the prevalence of migraine in adults aged 25 to 60 years is 11% and is higher than that reported in children/adolescents (7%) and older adults (≥60 years) (6%). [22] Childhood migraine is often associated with psychological problems and psychiatric comorbidities, particularly in children with migraine without aura. [23] Children with migraine without aura are also observed to be more anxious, fearful, vulnerable to frustration and to have less overall physical endurance. [24] Motor coordination impairment is another comorbidity associated with migraine in children. [25] Assessment of maternal personality, including maternal stress levels, is suggested as a way to understand migraine in children and to manage these children clinically. [26] Although the present study evaluated teens aged 15 to 19 along with adults of all ages, children and adolescents were not included in the analysis. In the present study, the prevalence of migraine in Han Chinese in Fujian province was highest among subjects aged 40 to 49 years (11.28%). These results are comparable to those from a study conducted in a community in Northeast China, in which the prevalence of migraine was the highest (11.21%) in subjects aged 40 to 59 years. [15] However, our findings differ from those reported in studies from the United States and the United Kingdom. In 2018 in the United States, the highest burden of migraine was reported for subjects aged 18 to 44 (17.9%) and among elderly and disabled individuals (16.4%). [8] In the UK, the prevalence of migraine was found to vary among different age groups; young adults had relatively high prevalence but adults aged 40 to 50 years had a low prevalence of migraine. [27] Differences across studies appear to reflect the impact of geography, cultural habits, and genetics on the frequency of migraine within a population. In the United States, for example, prevalence was highest among Native Americans and Alaskan Natives compared to white, black, and Hispanic populations, and the lowest prevalence was among Asian Americans. [8] Epidemiological studies have confirmed that migraine is significantly associated with genetic factors and has familial susceptibility, suggesting the important roles of pathogenic genes. [28] Linkage studies in family pedigrees have identified regions of the genome and potential genes that may influence migraine susceptibility. [29] In addition, better understanding of the underlying pathophysiology of migraines has resulted in identification of candidate genes in case-control populations. [29] Clinical expression of migraine is thought to be genetically influenced in up to 60% of cases and influenced by endogenous factors in the other 40%. [30] Recent genome-wide analysis of whole-blood expression probes led investigators to suggest that immune-inflammatory pathways may be involved in the pathogenesis and progression of migraine in some patients. [31] In support of the genetic link with migraine, our study found that family history of migraine was noted in 67.5% of subjects with migraine with aura, which was significantly higher than that in those with migraine without aura (37.5%).
Geography and weather are also thought to impact the incidence and prevalence of migraine. A previous study that investigated the epidemiology of migraine in 22 regions of China, found that the prevalence of migraine tended to be higher in Southern China compared with Northern China, [4] which might be related to differences in climate that are considered predisposing factors of migraine. [32] In addition, certain foods, food preparation, and supplements also have been found to impact the incidence of migraine within a given population. [33] Migraine has also been shown to be associated with clinical factors such as overweight and obesity. [34] A 2017 study in China showed that patients with episodic and chronic migraine were more likely to be overweight, obese, or morbidly obese, and body mass index (BMI) was significantly associated with migraine attacks, but not with the severity or duration of the attacks. [35] We also found that insomnia increased the risk of migraine in our study population. In a study from the United States, headache with and without aura was found to be closely associated with sleep disorders, and investigators proposed that headache and insomnia should be treated simultaneously. [36] Another study found that sleep quality was reduced in patients with migraine, but the prevalence of fatigue in these patients was comparable to that in healthy controls. [37] A relationship between sleep disorders and headache was also noted in children, including especially daytime somnolence in children without aura. [38] Nervousness, stress, emotion, strong light, and either lack of or excess sleep have also been associated with migraine. [39] Other factors found to predispose a person for migraine include hormone levels, light, and work stress. [40] Similar to our findings, drinking alcohol was found to be weakly associated with migraine. [40] The present study has several limitations. Although all subjects received physical examinations and blood analysis, hyperlipidemia and hyperuricemia were not investigated in this study. Hence, we did not address whether migraine is associated with these diseases. This study investigated migraine in Han Chinese of Fujian province, but simple sampling was employed, which may confound the results. In addition, the questionnaire we used was employed to guide face-to-face interviews, but was not strictly verified for assessing migraine. Additional studies are needed that are specifically designed to assess the validity of the questionnaire for migraine. Although all investigators received training before the study started, bias due to the face-to-face interview cannot be excluded. Further epidemiological studies are required to further investigate factors that may influence development of migraine.
Conclusion
In conclusion, our findings indicate that Han Chinese in Fujian province has a relatively high prevalence of migraine compared to other ethnic groups in China. Female gender and insomnia are independent risk factors for migraine. Migraine is associated with a family history of migraine, especially in individuals having migraine with aura. Our findings may provide evidence for designing educational plans to help medical policy makers improve the knowledge and treatment of migraine.
